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By J. Sabatier. 
Aileron calculations have hitherto given greatly differing 
results according to the different authors. It seems to he the 
general opinion that it is only necessary to give the ailerons 
such dimensions that the airplane can maneuver well, that the 
stresses they must undergo are relatively small, and that they 
are strong enough if their framework is of the same order of 
strength as the wings to which they are attached. This article 
will show that the problem is really quite complex and. that it 
should receive more attention. 
What are the strength requirements for ailerons in the dif-
ferent countries? 
In France the ailerons are included in the static tests of 
the wing and as 'if they formed an integral portion of it. More-
over, the technical specifications of 1925 stipulate that the 
ailerons must be able to support, before breaking, a load of 
at least 200 kg/m2 (41 lb./sq.ft.) distributed triangularly, the 
base of the triangle being at the leading edge. 
* ;I Recherches sur les ailerons et notamment stir lee charges 
)ep reuve auxqueiles us doivent etre soumis." From "La Tech-
nique Ae'ronautique' for November 15 and December 15, 1926.
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The German specifications of 1918 and the Italian ones of 
1924 require constant loads of £speCtiveiy, 200 and 250 kg/m 2
 (41 and 51 lb.,/sq.ft.). 
The American military specifications of June 22, 1926 5 re-
quire breaking-test loads of 73-170 kg/m2. (15-35 lb./sq.ft.), 
according to the type of airplane, the heaviest loads being for 
the lightest airplanes. The requirements of the U S. Navy 
(July 25, 1926) are similar thotigh less severe )
 since they 
scale the loads from 73 to 145 kg/m 2
 (is to 30 ib./sq.ft.). 
Most of the above specifications do not directly involve 
the aerodynamic characteristics of the airIene )
 notably its 
speed. In En1and, however, an attempt has been made to take 
account of these characteristics by adopting, for the aileron 
test-load, an expression of the form X CZ V 25 , in which ?. 
is the numerical factor, c
	 the maximum lift of the wing, and 
V the minimum sustentation speed of the airplane. 
One can understand why V9
 comes into the expression, 
since it is, in fact, at its minimum speed that an airplane has 
the greatest need of its means of control and requires the maxi-
mum action of its ailerons. It must be remembered, however, 
that the stresses exerted by the air on the ailerons are not 
necessarily
 maximum, since these stresses also vary as the 
square of the speed of the airpiane The factor X must there-
fore be chosen so as to take aocount of this condition. 
Lastly, attempts have been made to determine the strength 
of the ailerons and of their controls by the maximum effort
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which the pilot must uxert on the stexi.ng wheel or control 
stick. For this reason certain Belgian contracts stipulate that 
the aileron controls must be able to withstand a force of 160 kg 
(353 lb.) exerted on the control stick. Aithoag the effort of 
the pilot is an important consideration, it is obviously not 
sufficient to determine completely the strength of theai1erons, 
especially if they are balanced, because the stress they then 
exert on their controls is only a fraction of the stresses actu-
ally supported by their surfaces. 
In short, the rules now followed in different countries 
differ c7reatly from one another both in principle and in results. 
The following table facilitates the comparison of the test loads 
(in kg/m2 ) , as deduced from these rules, for various typ es of 
airplanes. 
Load resulting from a force 
Germany I U.S. i	 Italy i of 160 kg on control stick 
I\TieuOort 29 I 200 170 1	 250	 I 495 (ailerons not balanced) 
Potez 15 200 122 250 180 (ailerons balanced) 
Breguet 19B2 . 200 122 2,130 1^ 310 (ailerons not balanced) 
Goliath 200 98 1	 250 125 ( U	 U 
Farman En 4 200 1	 73 250 95 (	 " H	 )
The loads deduced from the force exerted on the control 
stick were calculated on the assumption that the action of the 
air on the aileron is disributea triangularly, beginning at the 
leading edge. The value incI:cated for the balanced ailerons of 
the. ?otez 15 is only aDproximate, due to the relative uncertain-
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ty of the hyDothese coixning tha division of the pressure be- 
t wee n the portion o1 t  i ai!ercn loate bciit the wing and the 
balancing portion ioLatecI out-side the wl.ng. 
In view of the ab3v divegenc:Les, it is . c i r .be o take 
up the problem aga:n at the beginning and to iiveigat' exper-
imentally the stresses to which the ailerons areS ecposed in 
flight. In order to simplify this investigation, we will only 
consider the case of rectangular ailerons located entirely be-
hind the wings (that is, not balanced). For balanced ailerons 
with a portion of their surface outside the wing, it would be 
necessary to investigate separately the action of the air on the 
portion behind the wing and on the outside poition which the air 
attacks more directly. When the ailerons are in the neutral 
position, i.e, when they simply form a normal prolongation of 
the wing, they may be cunhIed as an integral portion of the 
wing.. The stresses they siiop ort are then the same as the air 
exerts on the trailing portion of the wiri. 
The resent rules of the C.INA (International Committee 
on Aerial Navigation) for the calcu.Lation and the static test-
ing of airplane cells provide for the four principal , and for 
cases the most interesting 
technical conditions are sim- 
beiig only a little higher, 
the sense of the resulting 
various accessoly cases 	 Of these 
from our present viewpoint are 
* The 1925 Fre:ch.rules Zor gnral 
ilar, the vaius of the 'fac')'s f 
which fact does not otherwise affec 
conclusions.
N.A.C.A. Technicaleniorandum i'Tc. 398
	
5 
Flight at the extreme forward position of the center of 
lift; 
Horizontal flight at high speed; 
Vertical dive at the speed limit. 
The mean factors by which the stresses corresponding to each of 
these three cases must be multiplied, in order to obtain the 
test loads which the wings of normal airplanes must withstand 
before breaking, are as follows: 
Case l, f1 = 6; 
Case 2, f2 = •	 f1	 =	 4.5; 
Case 3, f3 =	 1.5.
A certain angle of flight and a special distribution of the air 
pressures along the chord correspond to each of these three 
cases. for any given iing profile. The test loads must be dis-
tributed in conformity with this plan, both on the wing and on 
the aileron. 
For horizontal flight, if we desiate the lift of the wing 
and that of the aileron respective1y, by Cz and cz and if 
the corresondiñg load of the cl1 is P:/S , it is easily seen 
that the breaking strength will be given by an expression of the 
cz 
form qfX 
1n order to investigate the variations of this expression, 
the S.T.Ae'. (French Technical Section of Aeronautics) recently 
determined, in the wind tunnel of the Eiffel Laboratory, the 
aerodynamic-pressure curves of various wing profiles commonly 
employed on airplanes. 
Profile 430 
Angle of attack 
with reference to
100 C 100 C 
zero-lift chord tan. (wing) (aileron 
to lower at 40o) 
side of 
wing  
degrees 
15 6.9	 1 108 43 
9 1.1 67.5 48 
6 -1.9 45 43 
0.4 -7.7
Profile 389 
15 10 102 38 
9 4.2 63 33 
6 1.2 42.5 28 
0.4 I	 -4.6 3 16 
f2-
cz 
6
	
2.4 
4.5
	 3.2 
4.5
	 4.3 
1.5 
6
	
2.3 
4.5	 2.3 
4.5
	 3 
1.5 
Profile 387 
109 49 
63 35 
42 32 
2.5 21 
Profile 382
30 
61 28.5 
39 26 
L5 25 
Breguet Profile 
99,5 33 
54 29 
44 I	 27 
.2 16 
Halbronn Profile 
99 25 
69 30 
48 22 
6.2 16
6
	
2.7 
4.5
	 2.5 
4.5	 3.4 
1.5 
6
	
1.9 
4.5	 2.]. 
4.5
	 3 
1.5 
6
	
2 
4.5
	
2 
4.5
	 2.7 
1.5 
6
	
1.5 
4.5	 1.9 
4.5
	 2.6 
1.5 
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The following results were obtained:
15 
9 
6 
0.4 
15 
9 
6 
0.4 
15 
9 
6 
0.4 
15 
9 
6 
0.4
8.8 
2 
-1 
-6.8 
5.6 
-0.2 
-3.2 
-9 
11.3 5•5 
25 
-3.3 
I 11.5 
5.7 
2.7 
-3.1
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It is seen that the expression f 	 is about so% larger Cz 
for the case of flight at high s'Dêed than for flight at large 
angles of bttacka The former consideration is therefore the one 
to be takeh into account in determining the test toad for the 
ailerons. 
If we pass to the case of diving with small lift, we find 
that the corresponding load factor is 1.5, as against 4.5 for 
the case of high speed. The load, factor for the former case 
is therefore given by the expression 
Qh 4.5 °zh Vh 
in which the indices p relate to the diving and the indices h 
relate to the high speed. 
According to the above figures, the ratio Czp/Czh has a 
mean value of 0.7. By starting with this value, we find that 
the test load deduced from the diving does not exceed that de-
duced from the maximum horizontal speed, unless the diving 
steed appreciably exceeds the double (2.24) of the former. Un-
der these conditions we can generally abide by the case of high 
speed. 
The above conclusions were deduced from the results obtained 
for ailerons with a. chord equal to 40 of the chord of the cor-
resonding wing. Similar conclusions were reached for relative-
ly narrower ailerons (2040, for exarnpic). Since the relative 
chords of the ailerons now in use are between 16 and 40%, these 
conclUsiops can be accepted in a general way.
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The results with the 204 ailerons, for the profiles tested, 
are as follows: 
Angle of attack 
with reference 
to zero lift 
15 
9 
6 
15 
.9 
6 
15 
9 
6 
15 
9 
6 
15 
9 
6
Profile 430
100 c 
17 . 5 
27 
24.5 
Profile 389 
22.5 
18.5 
17 
Profile 387 
29.5 
18 
16 
Profile 382 
12.7 
11.5 
Breguet Profile 
16 
14.8 
15
cz 
Oz 
0.96 
1.8 
2.4 
1.3 
13 
1.8 
1.6 
1.3 
1.7 
0.8 
0.9 
1.3 
0.96 
1 
1.5 
Halbronn Profile 
	
15	 6.6
	
0.4 
	
9	 20	 1.3 
	
6	 11.6
	
1.1
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The first conclusion to be drawn fror these results is that 
it is not always sufficient to load the ailerons as simple por-
tions of the wing, as in the orcUnacy static tests, because these 
tests are generally made under conditions of flight at large 
angles of attack, i.e., according to what we have just seen, Un-
der conditions which are not the most important from the stand-
point of the ailerons. 
The above values, as also the corresponding pressure curves 
(Fig. i) show that, at high steed, the distribution of the air 
'orces on the ailerons is very nearly triangular. Under these 
conditions, for the same profile and for a wing equally loaded 
per unit area, the mean value of the test load is proportional 
to the chord of the aileron. Moreover, the load must be so dis-
tributed that its center of gravity will beat a distance of 
1/3 of the chord of the aileron back of its hinge edge. 
For the purpose of establishing a general formula, utiliza-
ble in the case of profiles foT which the distribution of the 
pressures is not accurately known, we can take for the ratio 
c/C, the mean value corresponding to the angle of 60 with 
reference to the line of zero lift, a value deduced from the
preceding data. For a given chord of the aileron we finally 
obtain the following expression for the test load. 
*The mean value of c/0	 is 0,6 for ailerons with a relative 
chord of 40% and 0.33 for ailerons with a relative chord of 20% 
of the wing chord. 
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q	 a	 = !.	 X 1.8 p 
p being the ratio of the chord of the aileron to that of the 
wing.
Moreover, it may be convenient to employ in this expression 
the load factor f 1 corresponding to the first flight case, 
which is the most used. In this oace, since f 2 = • f,, we have 
the following definitive formula: 
q	 f X 1.35. 
It must be remembered that, in all that precedes, we have assumed 
the ailerons to be in the neutral undeflected. position. 
It may be further noted that the above formula is very simi-
lar to the one indicated by certain English writers (Pippard. and 
Pritchard), who state, in fact, that the normal load supported 
by the ailerons in flight has the form	 L which is equivalent 
to admitting that the distribution of the pressure is triangular 
over the whole wing, the base of the triangle being at the leading 
edge and its apex at the trailing edge. The curves in Fig. 1 
show that this hypothesis is insufficient and would generally 
give too small aileron loads. However that may be, the above 
formula gives the following test loads for the five military 
airplanes :.lready taken as examples.
N.A.C.A. Technical Memorandums No. 396	 11 
[ Total wing -.	 I
Test load 
E. We ight area S (i9 6 P 1.35 
(k) (m2) (kg/m2 ) spec.) (kg/ 2) 
Nieuport 29 1,180 27 43 12.6 0.19 1	 140 
?otez 15 1)815 45 40 .	 8.6 0.29 135 
Breguet 19 B 2 25347 48 49 8.3 0.21 115 
Goliath-Renault 5 1 145 162 31 6 0.36 90 
Far.-,-,an Bn 4 11)6501 268 1	 43 6 0.16 55 
The same formula gives the following results. for certain 
ie 1 1-kn6wn commercial eirolanes 
Total Wing 
weight area S (1925 p Test load 
(k) 2)g/m2) snec.)  (kg /rip) 
Bernard i170 11 107 6 0.18 155 
Farman Soort 410 1	 19. 21 8 0.32 0.41
70 
160 Breguet 14 T 
Dc Havilland 34
1,908 
3,0)0
49 
55
39 
55
7.5 
7 020 105 
Jabiru 5,220 31 64.5 6 0.155 80
It is now fitting to examine the case of ailerons when they 
are deflected upvrard or downward fro--,'.1 their neutral position. 
Most of the researches mathi on this subject were in connection 
with experiments on small models conducted as fol1ows 
The two ailerons were given equal and oDposite dflections. 
The stabilizing couple for the model was then measured. It was 
assumed that the total force exerted on each aileron was equal 
to the quotient of the moment of the couple divided by the dis-
tance between the centers of the two ailerons. Unfortunately, 
this method can not give very accurate results for the following 
reasons
N.A.CA. Technical Memorandum No. 398
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l• For the same angles of deflection, one up and the other 
down, the forces exerted on the two ailerons are very far from 
equal, as we shall see farther on. 
2. The stabilizing couDle exerted on the airplane is not 
produced alone by forces applied directly to the ailerons, but 
also by dissymmetries in the aerodynamic properties of the wings, 
created by their deflection. 
• 3. This method disregards the fact that the ailerons are 
under load when they are in the neutral osition, i.e., when the 
stabilizing couple is zero. 
In order to elucidate the -ooblem, it would therefore be 
necessary to avoid the intermediation of the stabilizing couple 
and measure directly the stresses on the ailerons themselves. 
This has recently been done in the large wind tunnel of the 
S.T.Ae'. at Issy-1es--ou1ineaUX. The dimensions of this tunnel 
render it ossih1e to exDe.riment with models so lare that the 
relatively small forces under investigation can be measured with 
sufficient accuracy. Owing to these conditions, the results 
obtained at the S.T.Ae'. are worth examining. 
The method of testing is shown by Fig. 2. Two profiles 
(the 430 and the IL. A. of the S.T.Ae'., or the Hal'bronn profile) 
were successively tested. in the two cases the wing and aileron 
had the same resp ective dimensions. The chord of the wing was 
1.6 m (63 in.) and thatof the aileron 0.25 m (9:84 in.) (ratio 
p = 0.16). The span of the wing was 2.3 m (7.55 ft.) and that of
Technical emor.ndum No.. 33
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the aileron 1.6 m (5 . 25 ft.). The wing wasmounted rigidly in 
the tunnel ) the aileron aijne transmitng to the balance the 
forces to which it w.s	 he air velocities varied be-
tween 50 and 53 m (1 E34 and 174 ft.) per se.ccnd	 The clearance 
between the wing and aileron, the importance of which will be ev-
ident farther on, was 11 mm (043 in.) f.r the Halbronn wing and 
9.5 mm (0,37 in.) for the 430. The measurements made under 
these conditions gave the following results: 
Halbronn Prof ile* 
Inclination of wing 	 zero lift... 
with reference to	 tanzent chord.. 
Resultant normal to [
	
-120
3.50 
0
8.50 
50
13.50 
10° 
-28.5 -26 -26 
lower surface of	 .	 60 - 8.5 - 7.8 - 5.6 
aileron when de-	 0 17.6 19 24.6 
flected from its
33.6 nei.itra.l oosition	 0 O 39 44.6 
12 0 53.3 57.4 66.2 
L	 183 62.6 -- --
Profile 4:30 
Inclination of wing I zero iift 2a9° 
with reference to	 (tangent chord. 5 _30 00 
Resultant normal to -12° -17.2 -14.5 -14.1 
lower, sur'ace of - 8° -	 1.6 1.05 1.6 
ailaron whtn de- - 40 +14.1 16.8 17.8 
fleobe'3- from its 0° 28.4 31.2 33.8 
neutral position
4° 41.8 44.7 48.4 
80 55 58.3 63 
120 66 69.5 '	 75.3
* The values of the normal resultants were calculated from the 
values of the cx and cz measured directly on the aileron. 
The negative values correspond to a downward resultant. The neg-
ative angles correspond to the upward. deflection of the aileron. 
The zero position corresponds to the undeflected ailerons. 
Inclination with 
reference to 
tangent chord
00 
5° 
100 
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Before analyzing these data in detail, we should recall how, 
as already mentioned, the exp eriments performed at St. Cyr and 
especially the oressure tests made with small wing models, with-
out hinged aileron, enabled the valuation of the forces support-
ed by the ailerons in their neutralpositiOfl. 
For the two trofiles tested at the same engles of attack end 
with the same ratio of p = 0.16 between the chord of the all-
eron and that of the wing, the data obtained from the Issy nd 
Eiffel experiments give the following comparative results: 
Halbronn Profile 
Values of 100 0z 
	
Deduced from	 11.easured. at 
	
Eiffel data
	
; Issy 
7.5	 17.6 
13	 18.8 
10	 24.2 
Inclination with 
reference to 
tan.'ent chord
Profile 430 
	
-5	 17 
	
-3	 18 
	
0	 20
28.4 
31.3 
33.4 
Thus the values of C obtained from direct measurements 
on the two profiles are 1.5 to 2 times those deduced from the 
experiments with a small model. What is the reason for these 
differences and whichof the two series of values is more accu-
rate? An analysis indicates two causes, one secondary end the 
other more important. 
The secondary cause is the difference in the nature of the 
air flows past the small model tested in the Eiffel tunnel and
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past the wing fragment of large size but small relative span 
tested at Issy. 
The principal cause is the effect on the aerodynamic proter•-
ties of the aileron produced by the clearance or slot between it 
and the wing. This effect was demonstrated by the following ex-
periment,-p erformed at Issy, on the same wing model (430) as be-
fore. The inclination of the wing being 0 0 with reference to 
the chord tangent to the lower side of the wing, and the aileron 
being in its neutral DositiOn, the values of the aerodynamic 
pressures, supported by the model at different points on the same 
wing section, were determined. The measurements were made sue-
cessivly for two sections, located at about the middle of each 
half of the aileron, and their mean value was taken. These mean 
values were also found for the case of zero clearance (slot. 
closed by paper); for a. slot 4 mm (0.157 in.) wide; and for a 
slot 9 mm (0.354 in.) wide. The results thus obtained are as 
follows:
a) The presence or absence of a slot does not apprecia-
bly-affect the pressure on the lower side. 
b) On the contrari, the presence of a slot at the articu-
lation greatly increases the negative pressure on the lower side 
near the leading edge of the aileron. If d 0 is the negative 
pressure measured near the leading edge, with .the slot closed, 
the negative pressure d9 measured with a 9 nnn (0.354 in.) slot 
can attain a value of 4 d.
N.A.C.A. Tecbnte1 lieriorandum No. 398 
:) 7'hen the vidth of the slot is cbanged, the value of 
the negative pressure changes in the same direction, but in a 
much smaller relative degree. Thus the negative pressure 
d9 = 4 d still remains in the vicinity of 3 d, when the 
width of the slot is reduced from 9 to 4 nm. 
The measurements made do not yet render it possible to de-
termine accurately the effect which the increase in the negative 
pressure created by the slot at the leading edge will have in 
all cases on the forces supported by a. full-size aileron. It is 
probable that this effect is a function of the aileron chord and 
of its span as compared with that of the corres ponding wing. 
However this may be, if we abide by the results obtained on the 
430 model, Fig. 3 shows that the presence of a 9 mm (0.354 in.) 
slot can cause for this model an increase of about 50% between 
the stresses measured on the aileron with the slot open and with 
it closed.. This increase is of the same order as that of the 
differences indicated by the above comparative table of the 
values of 100 0. and renders it possible thus to explain their 
origin. 
We can conclude that the test loads previously calculated 
according to the formula q =
	 fl. Y 1.35 p hold good only for 
the case when the slot is very narrow, in order to have only a 
negligible effect on the stresses undergone by the aileron dur-
ing flight. Otherwise one must increase these loads by an amount 
which may attain about 50%, that is, replace the original fonru-1a
N.AC.A. Technical Nernorandum No. 398	 17 
by the formula q	 -f1 X 2 p. 
On referring to the results obtained with the two wing mod-
els I A and 430 (Fig. 4) tested at Issy with their ailerons, 
it is obvious that w can draw the following conclusions. 
1. The normal stress undergone by an afle:on deflected 
downward is very much greater than that suopoted by the same 
aileron deflected upward the same amount. For the profile 430 
with a deflection of 100 In each direction, the aileron deflected 
downward is stressed about 9 times as much as the aileron de-
flected upward. This result cOnfirms the objections already 
stated against the methods for calculating the strength of ail-
erons based on a too exclusive consideration of the evolution 
couple they produce. 
2. The value of the normal stress N varies but little 
for the same wing and for the angle of deflection of an aileron, 
when the angle of attack of the wing varies only within the cue- 
tomary limits. 
3. The normal stress N is very nearly proportional to 
the angle of deflection. The inclination of the straight line 
is verynearly the same for the two profiles tested and leads 
to the formula 100 Na 100 No + 3.2 a (a being expressed in 
degrees). 
Under these conditions, the surcharge produced by the de-
flection will be given for a full-size aileron by an expression 
of the form 3.2a	 -, that is, 0.002 V2 a, ct being expressed 
in degrees or by 0.115 V 2a, a being expressed in length of arc.
N.A.C.A. Technical Memorandum No. 38
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The latter formula can be compared with the one proposed 
by several writers, who have advoca;:€d it. aJl.crutior, of the for-
mula of Joessel for the calculation of '.i.eron;. JOCSSC! gives, - 
for the force supported by an elevator which makes the angle 
with the direction of the air current, the expression 0:4+6w 
which can be written 0.17 V2 $ . for angles between 0 and 100. 
The experiments performed in the Issy tunnel on the two pro-
files considered, prove therefore that Joossel's formula is not 
directly applicable to the calculation of ailerons, but that we 
can utilize it to a certain extent by replacing the angle 
between the surface and the direction of the air current, by the 
angle a of the defiectin of .theaiieron and by adding, to the 
value thus calculated, the mean force supported by the aileron 
in the neutral posiion 
Lastly, if we adopt the expression 0.002 V2a as the first 
approxmaicn for calculating thb supiementary force produced 
by the deflection, we must know by what safety factor it is to be 
multiplied in order to deternilne the static test load to which 
the aileron shoi.d be eubectcd. 
We have already seen that, for the aileron and its wing to 
have a mechanically homogeneouc strength, it is necessary to al 
ply to the forc, suppoited by the aileron in the neutral position 
a load faoicr of f2 =	 f 1 . The same factor would seem to need 
to be appli€4 to the supplement of the force produced by the de-
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flection. Anyway it is necessary to take account of the fact 
that the ailerons are never deflected suddenly at high s p eed and 
that the speed of the airplane will gaftay imin.sh
 as the 
angle of deflection increases. This result can be obtained by 
conserving for V, in the formula 0.002 V2a the value of the 
maxinrnm speed and by limiting a to 100. 
Finally we obtain, for the test load of the ailerons, an 
expression of the form
1.5 Q=f(X2p+0 
Q and P/S being expressed in kg/rn2, and V	 in rn/sec. 
The following table gives the test loads resulting from the above 
formula for the airplanes already mentioned. 
I	 __h
1000 h km	 m/sec 1 
1 Nieuport 29 230 64 12.8 79 
Potez 15 190 53 1	 86 36 
Beiet 19 220 61 8.3 46 
Goliath Renault 166 46 6 19 
Farman Bn 4 183 51 6 23 
Bernard 448 125 6 140 
Farman Sport 143 40 8 19 
Breguet 14 T 170 47 1	 7.5 25 
D.H.	 34 170 47 7 23 
Jabiru. 204 57 6 29
Test load Total 
of aileron test load 
at 0 (kg/m2) 
210 20 
200 235 
170 215 
135 155 
•	 85 105 
230 370 
105 125 
240 265 
150 175 
120 150 
Thus the surcharge due to deflection is generally
	
1 - 
of the load in the neutral position.	 It may be much larger, how-
ever, especially for swift airplanes. It is not negligible there-
fore, as assumed by some writers. In order to supplement this re-
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suit, it is important to determine the position of the center of 
on the chord 
lift/of the aileron. The measurements made from this viewpoint 
gave the following results: 
Profile 430 
Inclination of wing zero lift... 2.90	 1 4.9 0 7.90 
with	 eference to	 {tangent chord..	 50 30 00 
Positions of center [	 -120 0.27 0.27 0.27 
of lift on aileron -. 40 0.34 0.34 0.34 
chord for angles of )	 00 0.32 0.32 .0.31 
deflection with 40 0.33 0.33 0.33 
reference to neutral f	 120 0.39 0.39 0.38 
Dosition
Haibronn Profile 
Inclination of wing 	 zero lift... 350 8.5° 0 13.5° with reference to	 tangent chord.. 00 100 
Positions of center r .120 0.27 0.27 0.30 
of lift on aileron	 I - 60 0.27 0.20 0.20 
chord for angles ofj 0° 0.27 0.35 0.37 
deflection with 60 0.28 0.40 0.43 
reference to neutral 120 0.33 0.50 0.53 
position. 
For a deflection of' 10° downward, which has already been
considered, they show that the center of lift is at 40-50% of the 
chord. This result confirms the grounds for the rule followed in 
the United States (1922 specifications) which stipulated that, in 
the static tests of ailerons, the center of gravity of the test 
load should be located at 5/12 of the chord. This distribution 
is nearly that which would be represented by a right trapezoid 
having the side perpendicular to its bases on the leading edge 
and the smaller base equal , to about half the larger. 
Hitherto attention has been given only to normal stresses on 
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the lower side, which are, in fact, much trio most important 
Nevertheless, it is well to detcmtin the. stresses of drag with 
the variations they undergo. The measurements made on the two 
profiles, tested under the same conditions as above, gave the 
following results:
Haibroim Profile 
Inclination of wing 
with reference to 
Drags in the plane
zero	 lift.... 
{tangent chord.. 
[	 -120
3-5° 
00 
-6.7
8.5° 
50
13.5° 
-6.3 -7.5 
of th e aileron - 60 -2.4 -2.4 -4 
when deflected with .	 0 0.3 1.5 0.2 
reference to its 
neutral position 6 0.9 5.3 3.2 
12 3.3 10.8 6.4 
Profile 430 
Inclination of wing 
with reference to 
Drags in the	 1ane
1 zero	 lift... 
t.ngent chord 
[	 -12
2.90 
F 0 
-3.5
4.90 
30
790 
0 
-3 .	 -2.5 
of the aileron I	 -	 8 -0.2 0.2 -0.8 
when deflected. w.t'n - 4 --1.4 2.3 3 
reference to its 0 3.5 3.2 4.2 
neutral Dosion -..- 
4 3.9 3.7 4.4 
8 L 4.5
------------------ 
3.8 
4.4
5
- 
12	 i 5.4
These figures show. that the forces in the plane of the ail-
erons are, at their maximum, only about 0.1 of the forces per-
pendicular to this Diane. Moreover, it is obvious that the 
drags for upward deflections can be negative, that is, can sup- 
port the aileron on its hinges, instead of tending to separate 
it from the wing. The change in the lift occurs at the moment 
the action normal to the plane of the aileron becomes zero. 
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These results render it possible to account for a few interesting 
details in the functioning of the ailerons during flight. 
Re have, in fact, already seen that the force supported by 
an aileron can be put in the form (a + b- a) V 2 1 a being the 
angle of deflection. This expression also gives the value of 
the tension of the controls between the pilot and the aileron. 
When the pilot operates the control stick, he must overcome the 
difference between the tension of the control of the aileron de-
flected downward and that of the aileron deflected upward, that 
is,[a+ba-(a-ba) V2Jor2baV2. 
It will be first noted that the tensioiof the two controls 
are equal only when a is zero, that is, when the ailerons are 
in the neutral position. When, on the contrary, the value of a 
is such that a - b a is near zero* , we have a common organ ac-
tuating two controls, one being under high tension and the other 
under low tension. The effect of the former will evidently pre-
dominate as regards the reflexes and maneuvers of the pilot. 
If the control terminating at the aileron deflected upward has 
any play, nothing can prevent this aileron from flapping about 
its neutral position like a flag in the wind The flapping is 
all the more liable to occur when the value of a is relatively 
small. The flapping is more vigorous in proportion to the 
strength of the couple of recoil. Both these circumstances cor-
respond to high valuesof b 	 that is, to the factor of in-
* We have already seen that this angle is 4.5 0 for the Halbronn 
and 89 for the 430 profile.
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crease of the forces in terms of the deflection. 
Of 
course the 
flapping, if due to the above causes, will increase in violence 
with increasin g speed of the airplane. Two accessory phEnomena 
may still further increase the flap-ping. We have already seen 
that, in the neighborhood of the deflection corresponding to 
zero stress, the aileron changes its support on its hinges. 
This change may occur, if the controls have any play, at a flap-
ping of the aileron parallel to its plane. It cai, moreover, 
periodically change the width of the slot or clearance between 
the aileron and its wing. 
We have already seen the effect this slot has on the stress-
es to which the aileron is subjected during flight. The period-
ical opening and closing of the slot, produced by the oscilla4 
tris of the aileron wil l. then be accentuated by the sudden rup-
ture of equilibrium entailed by the flapping of the aileron 
about its axis. 
The above remarks explain, at least in part, the vibration 
of the ailerons, which are after. manifest on airplanes, especi- 
ally at very high speeds (either horizontal or diving). These 
vibrations may be strong enough to dislocate the ailerons and 
even the neighboring ribs of the wing. They are therefore very CD 
dangerous. 
-If the above explanations are correct, it is obvious that, 
in order to avoid the vibrations, it would be necessary to elim-
inate all play in the controls and reduce to a minimum the clear-
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ance between the ailerons and the wing. 
The experimental device employed at Issy can give indica-
tions not only concerning the forces acting directly on the ail-
erons, but also regarding their effect on the aerodynamic prop-
erties of the wing. For this purpose we measure the positive 
and negative pressures exerted at various points of the same 
profile for several angles of deflection of the ailerons. If we 
operate in particular on the sections B and C of the 430 model 
and lot the mean results, we obtain the curves shown in Fig. 5. 
The curves first show the effect of the clearance slot in 
the case of a deflected aileron. They also show that the pro-
gressive couple created by the deflections of the two conjugated 
ailerons is due especially to the modifications they introduce 
in the aerodynamic properties of the wing. These modifications 
affect the larger portion of the wing chord. 
In. brief, the preceding considerations show 
The importance of knowing the maximum stress undergone by 
the ailerons when much deflectd, as well as in the neutral po-
sition. Thes& stresses are greater than generally supposed. 
The presence of an appreciable clearance or slot between 
the aileron and the wing Increases these stresses. 
If we wish to resort to a mean formula for determining the 
load an aileron should withstand, In order to afford guaranties 
similar to the ones required of wings, the formula 
P	 l.5V2'\ 
q=f1 (2p+1000 I
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would seem to serve the purpose. It would seem advisable, how-
ever, to try experiments on other models than the ones hitherto 
used, in order to determine whether this formula is general 
enough. 
At the same time the pressure data already obtained should 
be supplemented in order to determine the aerodamic conditions 
for the functioning of ailerons as stabilizing organs. 
It would be desirable to verify these data by a few direct 
flight tests, especially of the stresses undergone by the con-
trols, at various engine speeds and for various angles of de-
f1 ect ion. 
Translation by Dwight M. Miner, 
National Advisory Committee 
for Aeronautics.
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Distribution of load on ribs. 
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